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157 ABSTRACT

There is disclosed a dual well string, hydraulically oper-
ated, retrievable packer in which one mandrel connect-
ible with one well string is releasably connected to the
body means of the packer to permit it to be lowered

therewith, and the other mandrel connectible to the

other well string is vertically reciprocable with respect
to the body means and thus with respect to the first-
mentioned mandrel. The packing element and slip as-
sembly of the packer are supported on and carried
about a first body section, and a second body section
includes an expander plate which is movable relative to
the first body section to expand the packing element and
the slip assembly into engagement with the well bore by
means of a hydraulically actuated mechanism including
pistons reciprocable within cylinders formed in the first
body section and connected to the expander plate by
means of a pair of rods. One such rod has a through bore
which permits circulation between a tubular member
connected to its upper end and the annulus within the
well bore beneath the packer, and the other rod has a
bore which is open at its lower end to permit the supply
and exhaust of hydraulic fluid to and from the cylinders.

26 Claims, 23 Drawing Figures
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1
WELL PACKERS

This invention relates generally to well packers, and,
more particularly, to improvements in hydraulically set,
retrievable well packers. In one of its important aspects,
it relates to improvements in dual or other multiple
string packers of this type.

In a typical dual well string installation, a packer is
lowered into and set within the well bore to close off
the space about both strings above an upper production
zone, and another packer beneath the dual packer and
the lower end of one of the strings (known as the “short
string’’) 1s lowered with the other string (known as the
“long string”) to seal thereabout below the upper zone
but above the lower production zone. Thus, oil or gas
from the upper zone is produced through the short
string, and oil or gas from the lower zone is produced
- through the long string.

As shown, for example, in U.S. Pat. No. 3,414,058, as
well as on page 865 of the 1982-83 Composite Catalog of
Qilfield Equipment and Services, dual string packers of
this type normally comprise body means on which a
packing element is supported and about which a slip
assembly 1s carried, together with a pair of mandrels
extending vertically within the body means and through
side-by-side holes in the packing element so that each
may be connected as a part of one of the well strings.
Ordinarily, one of the mandrels is adapted to be tempo-
rarilly closed so that, with the packer lowered to the
desired position, hydraulic fluid may be supplied
through the one mandrel to means on the body means
for causing relative vertical movement between sec-
tions of the body means above and below the packing
element and slip assembly in order to move them into
engagement with the well bore. The body sections are
locked in this position within the well bore until it is
desired to retrieve the packer, at which time the hy-
draulic fluid 1s exhausted, and the well strings manipu-
lated mn order to release the locking means to permit the
ship assembly and packing element to be retracted as the
packer 1s raised from the well bore with the well strings.

As also shown in the aforementioned patent and pub-
lication, conventionally, the body means includes a
so-called receiver or receptacle having openings at its
upper end forming upper continuations of the mandrels.
The lower end of the upper portion of one of the strings
1s connected to one of the receiver openings to permit
the lower portions of both strings to be lowered with
the packer into the well bore. Then, when the packer
has been set, the lower end of the upper portion of the
other string may be lowered into and connected with
the other opening in the receiver.

Since the upper portions of both strings must be indi-
vidually lowered into place, packers of the above-
described construction are not only expensive to manu-
facture, but also time-consuming to install. Also, as
shown and described, for example, in copending appli-
cation, Ser. No. 233,628, filed by Neil H. Akkerman on
Feb. 17, 1981, and entitled “Flow Controlling Appara-
tus”, packers are often used as part of a system for con-
trolling circulation between the annulus in the well bore
above and below the packer. In such a system, the
packer is located high in the well so that, in the case of
a dual installation, the load to be carried by the one
string on which the packer is lowered is substantially
higher than it would be if the packer was instead in-
stalled 1n its customary deep location.
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There are other well installations in which there is a
need for lowering a plurality of dual packers of this type
into the well bore, as, for example, when two or more
vertically spaced production zones are to be produced
through the same string. In such an installation, only the
uppermost packer requires a receiver. Furthermore,
there may be need for vertically manipulating at least
one of the strings, and/or rotationally manipulating
each string independently of the other and the body
means, during as well as after installation. It would
therefore be desirable and is an object of this invention
to provide such a dual packer which does not require a
receiver and in which each string may carry its own
weight and be manipulatable independently of the other
string, as the packer is lowered into place, without the
risk of damaging either string or the packer itself.

As shown on page 955 of the aforementioned publica-
tion, in prior dual packers used in annulus safety systems
of the type above described, circulation to or from the
annulus below the packer has comprised an annular
passageway within the body means about one of the
mandrels. Due to the limited space occupied by the
stde-by-side mandrels, this has required the inner diame-
ter of the mandrel about which the passageway is
formed be reduced, thereby limiting its flow capacity. It
is a further object of this invention to provide a dual
packer of the type described in which the desired circu-
lation may be accomplished without reducing the flow
capacity of either mandrel, and, more particularly,
through a passageway which is also useful in activating
the hydraulic mechanism in setting the packer.

In prior dual packers of this type, the packér has been
supported against vertical movement in the well bore in
one of two ways. Thus, As shown in U.S. Pat. No.
3,414,058 as well as page 865 of the aforementioned
publication the packer may be prevented from moving
vertically in one direction by slip teeth on so-called
“buttons” having mner piston surfaces adapted to be
urged outwardly to grip the well bore by hydraulic
pressure supplied thereto through one of the mandrels.
Another set of slips for preventing vertical movement
of the packer in the opposite direction are carried about
expander surfaces on the body means below the packing,
element. Packers of this type are, however, of relatively
complicated construction, which is particularly unde-
sirable when a passageway is to be formed through the
packer in the case of an annulus safety system. Also,
since the buttons are above the packing element, sand
and other debris above the packing element may accu-
mulate to the extent making it difficult to retract them
and thus retrieve the packer.

Alternatively, and as shown in U.,S. Pat. No.
3,658,127 both sets of slips may be carried by expander
surfaces on the body means below the packing element,
with the expander surfaces being formed on body sec-
tions adapted to be moved vertically toward or away
from one another in order to move the slips into or out
of gripping engagement with the well bore. This not
only simplifies the construction of the packer, and thus
lowers 1ts expenses, but also protects the slips from
debris above the packing element. However, in prior
packers of this latter type, the packer is locked in its set
position by a locking means, such as a body lock ring,
engageable with opposing annular surfaces on the body
means and one of the mandrels. In order to carry the
considerable tension thus applied to it, the mandrel has
been thicker than it would otherwise be and has thus
required that it be substantially restricted. Also, this
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arrangement prevents movement of the strings with
respect to one another when the packer is set.

It is therefore an object of this invention to provide a
packer in which both sets of slips are disposed beneath
the packing element, but in which they may be ex-
panded by means which does not require that tension be
applied to either mandrel in order to hold the packer in
set position.

A still further object of this invention is to provide a
packer which accomplishes the foregoing object by
means which is also useful in providing the above-
described passageway through the packer, or in supply-
ing fluid to fluid-actuated means for setting the packer,
or both.

Since the mandrel and other parts of a single string
packer of this type are conventionally arranged concen-
trically of one anther, the means including the afore-
mentioned body lock ring for locking them in set posi-
tion, for releasing the locking means when the packer is
to be unset and retrieved, and in holding the parts
against premature setting as the packer is lowered into
the bore, may be of relatively simple construction. The
non-concentric arrangement of the mandrels of a dual
packer would ordinarily inherently complicate 1ts con-
struction. It is therefore another object of the present
invention is to provide such a dual well packer of this
type wherein such parts are of relatively simple and
Inexpensive construction.

As shown in U.S. Pat. No. 4,311,195, it is also con-
ventional practice, in a packer of this type, whether a
dual or single, to hold the vertically movable parts of
the packer against premature movement, in order to set
the packer, by a releasable latch of some type. Fre-
quently, this latch is retained in latching position by a
piston adapted to be moved out of retaining position in.
response to the same fluid source which causes relative
movement between the parts of the packer. As the
packer is installed, however, the retainer is held in posi-
tion by a pin or other part which is sheared by a force
due to the supply of fluid thereto. Thus, enough force
must be applied to the retainer to not only move it to
latch releasing position, but also to first shear the pin
which holds it in place. It is therefore yet another object
of this invention to provide a packer of this general type
in which the force required to shear the pin is separate
from that required to release the latch whereby the
force to release the latch and hold it released is only the
greater of the two rather than their sum.

Another object of this invention is to provide such a
packer which may be released prior to retrieval in a
relatively simple manner, and, more particularly, in
which the slip expander surfaces may be moved relative
to the slips in order to retract them without the neces-
sity of overcoming frictional resistance due to dynamic
seal surfaces, and further in which atmospheric cham-
bers useful in setting the packer are also useful in releas-
Ing Iit.

These and other objects are accomplished, in accor-
dance with the illustrated embodiment of the present
invention, by a dual string packer of the type above
described, wherein the body means on which the pack-
ing element is supported and on which the slip assembly
is carried is in turn supported from one of the mandrels
to permit it to be lowered with one string into the well
bore, and, when the packer has been lowered into a
desired position within the well bore, to permit-the slip
assembly to be moved into gripping engagement with
the well bore and the packing element to be moved into
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4

sealing engagement with the weil bore by fluid-actuated
means within the body means. More particularly, the
other mandrel is movable vertically with respect to the
body means, whereby the weight of the lower portion
of each well string is carried by its mandrel, ana the
strings may be moved vertically relative to one another.
and thus handled by individual elevators at the wetl-
head during lowering of the packer into the well bore,.
without damage to either string as they are being {ow-
ered. Preferably, each mandrel is also rotatable with
respect to the body means and with respect to one an-
other, and the other mandrel is free to move vertically
with and to rotate respect to the body means not onty as
the packer is lowered into the weil bore, but aiso when
the slip assembly and packing element have been moved
into engagement with the well bore.

In the illustrated embodiment of the invention, the
body means includes first and second body sections
which are vertically reciprocable with respect to one
another, with the packing element supported by and the
slip assembly carried about the first body section. More
particularly, cylinder means 1s formed in one of the
body sections, and the other body section has means
including piston means vertically reciprocable within
the cylinder means for causing the body sections 10
move toward one another in order to expand the pack-
ing element and slip assembly 1n response to the supply
of fluid pressure to the cylinder means.

In accordance with another novel aspect of the pres-
ent invention, a tube having an open upper end adapted
to be connected to a tubular member extends ciosely
through a hole in the packing element intermediate the
holes through which the mandrels extend, and is open at
its lower end to permit circulation between the annulus
below the packer and the tubuiar member to which the
one tube 1s connected. As will be described, the tubular
member may connect with suitable annulus safety con-
trol means above the packer in order to provide contro!
over circulation through the tube.

Preferably, there 1s a second tube which extends
through another hole in the packing element generaily
diametrically opposed to the first-mentioned tube, and
connects at 1ts lower end with the fluid-actuated means
in the body means to permit the supply of fluid thereto
through another tubular member to which the other
tube 1s connected. In accordance with a still further
aspect of the invention, the aforesaid cylinders are
formed in the first body section, and each of the tubes is
connected to an expander piate of the second body
section on a side of the packing element and slip assem-
bly opposite the first body section and has a piston
thereon which 1s reciprocable within a cyiinder.
whereby fluid pressure supplied to each of the cylinders
causes the expander plate to move relatively to the first
body section in order to expand the packing efement
and slip assembly into engagement with the weil bore.

Thus, in the preferred and illustrated embodiment ot
the invention, the tubes serve not only to provide a
passageway through the packer which does not require
restriction of the flow passage through either or the
mandrels, as well as to supply hydraulic fluid (0 the
setting mechanism of the packer, but also transmit the
force necessary to expand the packing element and slip
assembly without transmitting excessive force througn
either of the mandrels. Consequently, the mandrels
need not be of added thickness to withstana :hose
forces, and are free to be moved refatively with respect
to the body means, as previousiy described.
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Furthermore, the packing element may be supported
- by the first body section above two sets of slips carried
upon expander surfaces about the body section for re-
sisting both upward and downward movement of the
packer when In gripping engagement with the well
bore. In this case, of course, the expander plate to which
the tubular rods are connected is disposed above the
packing element so as to expand it between its bottom
side and the upper side of the first body section. As
previously described, in addition to avoiding the need
for expensive button-type slips, this also protects the
ships_ from debris and the like which might accumulate
above the packing element.

As also disclosed and described in the illustrated
embodiment of this invention, the expander plate is
locked 1n expanding position by locking means which
includes a body lock ring disposed between a fitting
connected to both rods and coaxially arranged with
respect to the first body section. More particularly, the
expanding plate can be so held with only a single lock
ring, regardless of whether the packer includes two or
more mandrels, or, for that matter, whether or not it
includes two or more tubes, as described.

In accordance with a still further novel aspect of the
present invention, the upper and lower ends of each rod
intermediate the expander plate and fitting thereon are
connected by means which is releasable upon the ex-
haustion of fluid from the cylinders and lifting of the
mandrels in order to retrieve the packer from the well
bore. In this manner, the portion of the first body sec-
tion in which the cylinders are formed, and which is
locked to the fitting, is free to move to a position in
which all dynamic seal surfaces including those be-
tween 1t and the mandrels are caused to separate. Thus,
the expander surfaces may be moved to positions to
retract the slip assembly without having to overcome
frictional resistance due to the seals. Additionally, the
fitting connected to the rods is so positioned that, upon
separation of the ends of the rods and exhaustion of the
supply of hydraulic fluid, it will be urged by atmo-
spheric chambers on one side of the pistons toward
engagement with that portion of the first housing sec-
tion 1n which the cylinders are formed so as to jar such
portion in a direction for freemg the seals.

As previously described, and in accordance with st111
another novel aspect of the present invention, all rela-
tively movable parts of the packer are held in positions
to maintain both the packing element and the slip assem-
bly retracted as the packer is lowered into the well bore.
Thus, with the second body section connected to one of
the mandrels for lowering therewith, and the first and
second sets of slips carried respectively about first and
second expander parts of the first body section which
are vertically reciprocable with one another, the first
such part 1s supported from the second body section in
order to maintain the slips and the packing element
retracted until the second body section is released from
the one mandrel to which it is connected. More particu-
larly, means are provided for releasing the connecting
means in response to the supply of hydraulic fiuid to the
cylinders, and for preventing upward movement of the
- second part of the second body section upon release of
such connecting means, whereby, upon release of the
connecting means, the second part of the second body
section supported from the one mandrel, and the expan-
der plate is releasably locked in expanding position, as
previously described. More particularly, the means for
supporting the second part of the second body section
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6

from the one mandrel is releasable to permit such one
mandrel to be lifted, and such one mandrel has means
thereon for lifting the second body section with it in
order to lift the expander plate to permit the packing
element and slip assembly to retract.

In accordance with a still further aspect of the inven-

tion, the second body section is connected to one of the
mandrels to hold the expander plate thereof in non-
expanding position by means which is releasably in
response to the supply of fluid to the cylinders. Addi-
tionally, a means is provided for holding the first body
section against vertical movement with respect to one
mandrel so that, upon release of the connection, the
expander plate is moved with the rods relatively to the
first body section in order to expand the packing ele-
ment and ship assembly. Consequently, all that is re-
quired 1s a single releasable connection with one of the
mandrels, regardless of how many mandrels are dis-
posed within the packer.

The latchlng means for releasably holding the body
sections in non-ex;)andmg position includes latching
means which 1s movable between positions connecting
the second section and thus the expanding plate to one
of the mandrels and releasing such plate for relative
vertical movement with respect to such one mandrel.
Additionally, the body means includes fluid-actuated
means having a housing formed in the first body section
and a piston reciprocable within the additional cylinder,
but 1nitially held in a position spaced from the latching
means by means which is shearable upon the supply of
fluid to the additional cylinder. Thus, a relatively small
force 1s required to first release the piston and move into
engagement with the latching means and another rela-
tively small force is then required to move the latching
means to releasing position, whereby the plate is free to
move relatively with respect to the first body section in
order to expand the packing element and slip assembly.
In the preferred and illustrated embodiment of the in-
vention, the latching means comprises a split ring dis-
posable with opposed grooves in the second body sec-
tion and mandrel, and a retainer movable by the addi-
tional piston from a position retaining the ring within
said grooves to another position releasing it for move-
ment out of one groove.

The aforementioned seals between the first body
section and portions of the mandrels extending there-
through define passageways connecting with a port in
the lower end of one of the tubular rods to permit hy-
draulic fluid to be supplied to or exhausted from both
cylinders, as well as the latch releasing cylinder. Still
further, fluid may also be supplied or exhausted through
the passageway alternatively through a port in one of
the mandrels and the well string to which it’s con-
nected, or through a port in the other tubular rod,
which ordinarily provides a passageway between the
tubular member connecting with annulus below the
packer and annulus safety equipment thereabove.

In the drawings, wherein like reference characters
are used throughout to designate like parts:

FIGS. 1A, 1B and 1C are vertical sectional views of
the upper, intermediate and lower portions of a dual
string packer constructed in accordance with the pres-
ent invention, as seen along broken lines 1—1 of FIG. 6,
and with the packing element and slip assembly thereof
held in retracted positions during lowering into a well
bore;

FIGS. 2A and 2B are also vertical sectional views of
the upper and intermediate portions of the packer of
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7
FIGS. 1A and 1B, but as seen along broken lines 2—2 of
FIG. 7;

FIGS. 3A and 3B are additional vertical sectional
views of the packer of FIGS. 1A and 1B, with the right-
hand side thereof shown in vertical section and the
left-hand side thereof being shown in elevation, as seen
along broken lines 3—3 of FIG. 8;

FIGS. 4,5,6,7, 8,9, 10 and 11 are horizontal cross-
sectional views of the packer, as seen along broken lines
4—4, 5—5, 6—6, 7—7, 8—8. 9—9, 10—10 and 11—11,
respectively, of FIGS. 1A, 1B and 1C;

FIGS. 12A and 12B are additional vertical sectional

views of the upper and lower portions of the packer as
seen along broken lines 12—12 of F1G. 8, and upon
expansion of the slip assembly and. packing element to
set the packer at a desired elevation within the well
bore; .
FIGS. 13A and 13B are further vertical sectional
views of the upper and lower portions of the packer,
similar to FIGS. 12A, 12B but upon exhaustion of the
supply of hydraulic fluid for setting the packer, and
lifting of the mandrels to disconnect the upper and
lower ends of the tubular rods and raise the upper ex-
pander plate to permit the packing element and slip
assembly to retract from engagement with the well
bore;

FI1G. 14 is a partial vertical sectional view of the
lower end of the intermediate portion of the packer
showing the pistons on the lower ends of the rods and
the cylinders in which they are disposed, as seen along
broken lines 14—14 of FIG. 15, and wherein ports in
both rods are closed and a port in one of the mandrels is

opened to permit setting fluid to be supplied to the
cylinders through the mandrel;
FIG. 15 1s a cross-sectional view of the portion of the

packer shown in FIG. 14, as seen along broken lines
15—135 thereof;

FIG. 16 is another vertical sectional view of the
packer similar to FIG. 14, but altered to close both ports
in the control line rod as well as in the mandrel, and to
open a port in the bypass or circulation rod so that fluid
may be supplied to the cylinders therethrough; and

F1G. 17 15 a cross-sectional view of the portion of the
packer shown in FIG. 16, as modified, and as seen along
broken line 17—17 of FIG. 16.

With reference now to the details of the above-
described drawings, the overall packer, which is indi-
cated in its entirety by reference character 20, com-

prises body means made up of coaxially arranged first

and second body sections, and as shown in FIGS.
1A-1C a pair of mandrels ML and MS which extend in
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side-by-side relation within the body means. As shown -

in FIG. 1A, mandrel ML is adapted to be connected as
a part of tubing string TL (the “long” string) and man-
drel MS is adapted to be connected as a part of tubing
string TS (the *“short” string).

As previously described, the body means is con-
nected to the mandrel ML for lowering therewith into
the well bore, and the mandrel MS is free to reciprocate
with respect to the body means. Thus, each mandrel
carries the weight of the lower portion of the string to
which 1t 1s connected to permit dual elevators at the
wellhead to be so manipulated as to lower the packer to
a desired level within the well bore without damage to
either string. As also described, since the packer forms
part of an annulus safety system (not shown), 1t is set
relatively high in the well bore, although the packer
may be used in other environments, as, for example,
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beneath an uppermost dual packer of more conven-
tional construction and thus deep in the well bore. in
this latter event, it performs the more conventional
function of separating different production zones.

As will be understood from the description to follow.
mandrel MS is also reciprocable with respect 10 the
body means after the packer 1s set. Also, each mandrel
is rotatable with respect to the other as well as with
respect to the body means, both before and after setting
of the packer. As previously indicated, these manipuia-
tions may be useful for reasons known in the art.

Each body section includes parts which are so related
to one another as well as with respect to those of the
other body section as to permit the packer to be low-
ered into the well bore and “set” at the desired level and
then released and retrieved from the well bore. Thus, as
shown in FIGS. 1A, 2A, 3A, 12A and 13A: the first
body section includes an upper slip expander part or
head 21A, an intermediate slip expander part or retainer
ring 21B, and a lower slip expander part or head 21C.
As as will be described in detail to follow, a packing
element 22 is supported by the expander head 21A in
position for expansion and contraction into and out of
sealing engagement with the well bore, as shown n
FIGS. 2A, 3A, 12A and 13A and upper and lower sets
of slips 23U and 23L are carried about the upper and
lower expander heads 21C and the intermediate retainer
ring 21B for expansion and contraction into and out of
gripping engagement with the well bore.

As shown in FIG. 1A, the mandrel ML and MS ex-
tend through side-by-side holes in the packing element-
and in the slip expander parts which are large enough 10
permit free vertical movement between the parts and

the mandrels, but which nevertheless permit the pack-
ing element to seal about the mandrels when expanded

in order to close off the well bore. As also shown, there
are four equally spaced-apart groups of slips arranged in
pairs on opposite sides of a centerline through the man-
drel axes (see FIG. 4), with each group being received
within slots in outer conical surfaces of the expander
heads, as will be described in detail to follow.

As shown in FIGS. 1A, 1B, 2A, 2B, 3A, 3B, 12A ana
13A, a tubular housing 21D 1s connected to the lower
expander head 21C for extension downwardly there-
from to surround the mandrel, and fitting 21E con-
nected to the lower end of the housing 21D has side-bv-
side holes through which the lower ends of the man-
drels extend, as shown in FIGS. 15 and 17 as well as
FIG. 1A. As will be described in detail to follow. and as
shown 1in FIGS. 3B, 12B, 13B, 14 and 16, cylinders 25
are formed in the lower fitting 21E intermediate the
mandrel holes (see FIGS. 15 and 16) to provide cham-
bers to which fluid may be supplied or from which
hydraulic fluid may be exhausted to alternately set or
release the packer.

As shown in FIGS. 1C and 11, the lower ends ot the
mandrels beneath fitting 21E are held in spaced reiation
by a plate SP having holes which closely receive each
and releasably latched to the lower end of mandrei ML.
In addition to spacing the mandrel, plate SP wiil. apon
engagement with the lower end of fitting 21E, .imu
upward movement of mandrel ML with respect to the
body.

As shown in FIGS. 1B, 2B and 12B, an internat shoul-
der 30 about the lower end of fitting 21E 1s engageable
with a shoulder 31 about mandrel ML so that. prior o
and during setting of the packer, as will be described.
the fitting including cylinders 25 is held against upward
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movement with respect to the mandrel. Also, a shear-
able plate 32 (see FIGS. 10, 12B and 13B) is carried
within a slot 32A (see FIG. 10) in the side of the fitting
SO as to engage a shoulder 33 (see FIGS. 1B and 2B)
about the mandrel above shoulder 31 and thus prevent
its upward movement with respect to the fitting until a
sufficiently strong upward pull is applied to the mandre]
in order to shear the plate to permit release of the
packer, as will also be described to follow.

The second body section includes an upper expander
plate 26A above the packing element, and thus on the

10

side of the packing element opposite expander head

21A, and a pair of tubular rods 26B (see FIG. 3B) which
are connected at their upper ends to the expander plate
and extend downwardly therefrom in side-by-side rela-
tion. More particularly, as shown in FIGS. 4 to 8, the
rods are disposed generally diametrically opposite one
another intermediate mandrels ML and MS and extend
through side-by-side holes in the packing element and
slip expander parts (FIGS. 3A, 4 and 5) for free relative
movement with respect thereto.

The second body section also includes a spacer plate
26C which, as shown in FIGS. 1A, 2A, 3A, 12A, and
13A, 1s received closely within housing 21D of the first
body section and, as shown in FIGS. 3A and 12A, has
holes therethrough threadedly connected to the rods
26B just beneath the lower expander head 21C of the
first body section. Additional holes therein receive the
mandrels therethrough (see FIGS. 1A and 2A) while
holding them in properly spaced relation. As will be
described to follow, plate 26C is adapted to be engaged
by mandrel ML, as shown in FIG. 13A, so as to lift the
tubular rods and thus the expander plate to retract the
slip assembly and permit the packing element to retract
in order to release the packer.

- Another plate 26D beneath the plate 26C, which is
also received closely in the housing and has holes which
receive the rods as well as the mandrels, as shown in
F1G. 6 as well as in FIGS. 1A, 2A and 3A, is releasably
connected to the rods by shear pins 63A (see FIG. 6).
As will also be described to follow, plate 26D holds in
place a means which connects the upper ends of the
rods to a fitting 26E connected to lower ends of the rods
(FIGS. 3B, 12B and 13B), until engaged by mandrel ML
(See FIG. 13A) to lift it out of holding position and thus
disconnect the upper and lower ends of the rods as the
packer 1s being released.

‘As shown 1n FIGS. 3B, 12B and 13B, a fitting 26E is
connected to the lower ends of the rods 26B beneath
plate 26D and is received closely within housing 21D
just above fitting 21E. As will be described to follow,
this fitting 26E 1is releasably latched to mandrel ML so
as to hold the rods and mandrel against vertical move-
ment, and thus the expander plate 26A in its upper posi-
tion as the packer is lowered into the well bore. As
shown in FIG. 3B, 14 and 16 the rods 26B extend
through the fitting 26E and into the cylinders 25 of the
fitting 21E, and pistons 27 are carried thereby for seal-
ably shiding within the cylinders during setting and
release of the packer, as will be described. The lower
end of the leftmost rod shown in FIG. 3B, 14 and 16 is
closed, while the lower end of the rightmost rod is open
and extends downwardly through the lower end of the
rightmost cylinder 25, both for purposes previously
mentioned and to be described in detail to follow.

- As shown in FIGS. 1A, 1B and 1C, as well as in

FIGS. 2A and 2B, and 3A and 3B, 12A and 12B, and
13A and 13B, during lowering of the packer into the
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well bore, the expander parts of the first body section
are so spaced from one another as to hold the upper and
lower sets of slips 23U and 23L in retracted position,
and expander plate 26A is so spaced above expander
head 21A as to permit the packing element to assume its
normally unstressed, retracted position. When so re-
tracted, the outer circumferences of the packing ele-
ment and ships are generally vertically aligned with the
outer walls of the various parts of the packer body so as
to move freely within the well bore as the packer is
lowered therein. As described below, these various
parts of the packer are held in these positions with re-
spect to one another as well as with respect to mandrel
ML so as to prevent its accidental setting until it reaches
the desired level in the well bore. When the packer is so
disposed, hydraulic fluid is supplied to the cylinders 25
above the pistons 27 in order to lower the tubular rods,
and thus the expander plate 26A, with respect to the
expander heads 21A and 21C of the first body section,
and further move the expander parts toward one an-
other, in order to expand both the packing element and
the upper and lower set of slips into engagement with
the well bore WB, as shown in FIG. 12A.

As previousity described, fitting 21E, housing 21D,
and lower expander head 21C of the first body section
are prevented from moving upwardly with respect to
mandrel ML by engagement of shoulder 30 on the fit-
ting with shoulder 31 about the mandrel. At the same

‘time, these same parts of the first body section are sup-

ported agamst downward movement with respect to
the mandrel by the engagement of shear plate 32 with
shoulder 33 about the mandrel. In addition, and as
shown in FIGS. 1A, 2A and 7 a latching ring 28 is
releasably disposed in oppositely facing grooves 35 and
36 in the hole in fitting 26E through which mandrel ML

~1s recetved and the outer diameter of the mandrel ML,

respectively. Consequently, fitting 26E, and thus the
tubular rods 26B as well as the upper expander plate
26A are prevented from moving vertically with respect
to the mandrel ML, whereby the upper expander plate
26A 1s held in its uppermost position with respect to
upper expander head 21A, and the pistons 27 are held in
their uppermost positions with respect to the cylinders
25 of the first body section fitting 21E.

At the same time, a shoulder 37 FIGS. 3A and 13A
about one of the tubular rods is engageable with a shoul-
der 38 about the hole in upper expander head 21A
through which the rod extends so as to hold the expan-
der head 1n 1ts upper position with respect to the expan-
der ring 21C of the first body section. Additionally, a
shoulder 39 (FIGS. 3A and 13A) about the same rod is
engageable with a shoulder 40 about the intermediate
retainer ring 21B of the first body section so as to hold
it 1n an elevated position with respect to the lower ex-
pander head 21C. Thus, with the inner surfaces of the
slips of both sets of slips slidably connected by means of
dovetail slots to the expander surfaces on the outer sides
of the expander heads, as will be apparent from FIG. 4,
and the adjacent ends of the slips of both sets slidably
connected by T-heads and slots to the retainer ring 21B,
both sets of slips will be held by the expander heads and
expander ring in the retracted position shown in FIGS.
2A-2B and 3A-3B.

The latching ring 28 is adapted to be moved to a
position to release the fitting 26E, and thus permit the
rods 26B and expander plate 26 A to move downwardly,
automatically in response to the supply of hydraulic
fluid to the cylinders 25 above the pistons 27 carried by
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the rods. As will be described to follow, this hydraulic
fluid may be supplied to the cylinders in any one of
several ways. However, in accordance with the present
invention, it may be supplied thereto through one of the
tubular rods 26, and, more particularly, the leftmost rod
as shown at the lower end of FIG. 3B. The hydraulic
fluid may be supplied to the tubular rod through a tubu-
lar member (not shown) connected to its upper end and
extending vertically thereabove to-a source of such fluid
at the wellhead. When the packer forms part of an annu-
lus safety system, as is contemplated in the preferred
and illustrated embodiment, this tubular member may

be connected to such source through conduits of the

system located above the packer.

In any event, and as shown in FIG. 3B, as well as in
FIG. 9, the lower end of this tubular rod is ported at 40
to connect its bore with the lefthand cylinder above
piston 27 on the rod. As shown in FIG. 9, the left-hand
cylinder is in turn connected to the other cylinder 25
above the other piston carried by the other tubular rod
through ports 44 and 45 in fitting 21E connecting with
an annular passageway between mandrel ML and the
hole 41 in the fitting through which the mandrel ex-
tends, whereby hydraulic fluid supplied through the rod
urges both pistons and both rods downwardly. Thus, as
shown in FIGS. 1B and 2B, the mandrel ML has en-
larged diameter portions which carry seal rings 42 and
43 for slidably sealing within the hole 41 in the fitting
21E above and below the ports.

As shown in FIG. 2B, 12B and 13B, another cylinder
50 is formed in the fitting 21E generally intermediate
one of the cylinders 25 and the hole through which
mandrel ML extends (see FIG. 9). A piston 51 1s seal-
ably slidable in this cylinder (FIGS. 12B and 13B) and
urged in an upward direction by hydraulic fluid which
is admitted to the cylinder beneath the piston by means
of a port 52 (FIGS. 2B, 12B and 13B) connecting with
the annulus in the fitting about the mandrel ML, and
thus, as best shown in FIG. 9, with the left-hand cylin-
der 25 shown in FIG. 3. Initially, the piston 51 is held in
the position shown in FIG. 2B by means of a shear pin
33 (FIG. 2B) carried on the upper end of a rod 54 con-
nected at its lower end to a plug 54A threaded into an
opening 1n the fitting at the lower end of cylinder 50.
When hydraulic pressure is supplied through the tubu-
lar rod into the cylinders 25, it will provide sufficient
force to shear the pin 53, and thus release the piston 51
to move upwardly into engagement with the lower end
of a rod 55 (FIGS. 7, 2B, 12B and 13B) vertically slid-
able within fitting 26E and having means at its upper
end which, in the position shown 1n FIGS. 2B and 7,
retains latch 28 in its latching position.

As shown, in FIGS. 7 and 2B the rod 55 is held with
Its upper retainer head opposite latch ring 28, by means
of a shear pin 59 carried by the fitting 26E. As shown in
FIG. 7, the head of the retainer part has a slot 60 formed
therein which receives the free ends of the retainer ring
28 to hold them together and thus hold the retainer ring
in 1ts smallest circumferential shape, in which shape the
retainer ring bridges the gap between the grooves 35
and 36 in the mandrel ML and fitting 26E so as to pre-
vent downward movement of the fitting with respect to
the mandrel, and thus with respect to the cylinder fit-
ting 21E. However, when the retainer part and its head
are moved upwardly by means of the piston 51 as
shown 1n FIG. 13, the slot 60 slides above the free ends
of the retainer ring so as to permit the retainer ring to
expand circumferentially toward its unstressed position,
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and thus move outwardly into groove 33 in the ntting
and out of the groove 36 about the mandrel ML. As a
result, the rods are free to be moved downwardly bv
hydraulic fluid within the cylinders 235 above the pistons
27 and thus the tubular rods downwardly. To facilitate
this downward movement with a minimum of force, the
cylinders beneath the pistons are precharged with gas at
atmospheric pressure or at least some pressure constder-
ably below that of the welil bore.

As previously noted, the latching ring 28 is thus
moved to releasing position with a mmnimum force, and
thus in response to relatively low hydraulic pressure,
due to the fact that the force required to shear the pin 53-
and thus release the piston 51 is independent of the torce
required to engage and lift the rod 55. In addition, the
spacing of the upper end of piston 51 below the lower
end of rod 55 permits the piston to be accelerated up-
wardly and thus apply an upward jar to the rod, which
1s helpful in shearing the pin 59 and continuing t0 move
the rod upwardly to a position in which it reieases the
latching ring 28.

As the rods 26B pull the retainer plate 26 A down-
wardly so as to compress the packing element 22 to
some extent, the packing element transmits a downward
force to the upper expander ring 21A to cause 1t 10
begin to move downwardly. This in turn, lowers the
upper set of slips 23U to cause the retainer ring 21B to
move downwardly, which will in turn exert a down-
ward force on the lower set of slips 23L to cause them
to move downwardly with respect to lower expander
head 21C. As shown in FIGS. 2A and 3A, shear pins 60
are mounted on the upper retainer head 21A adjacent
the upper ends of the slips of the upper set 23U, 50 that
this movement of the upper expander head 21A down-
wardly with respect to the lower expander ring 21C
will cause the slips of the lower set to slide downwardly
over the lower expander head 21C and into engagement
with the well bore prior to the expansion of the slips ot
the upper set 23C. However, when the lower set of slips
have moved outwardly into engagement with the well
bore, continued downward movement of the upper
expander plate 26A will cause the pins 60 to shear, and
thus move the upper set of slips outwardly into gripping
engagement with the pipe. With both sets of slips engag-
ing the pipe, continued downward movement ot the
expander plate 26A will expand the packing ciement
Into sealing engagement with the well bore, as shown 1n
FIG. 12A.

The packer is locked in 1ts set position by means of a
body lock ring 61 which, as shown in FIGS. 1B, 2B and
3B, as well as in FIG. 8, i1s disposed 1n an annular space
between the outer diameter of fitting 26E and the inner
diameter of housing 21D. Thus, as well known n the
art, the body lock ring comprises a split ring having
ratchet teeth on its inner diameter engageable with
ratchet teeth about the outer diameter of the fitting 26E..
and cam teeth on 1ts outer diameter engageable with
cam teeth on the 1nner diameter of the housing. The
ratchet teeth are so arranged as to permit the fitting 1o
be moved downwardly over the ratchet teeth ot the
lock ring, as the lock ring moves radially inwardly and
outwardly with respect to the cam teeth on the housing
21D. However, when the fitting has been so lowered. it
1s held against return upward movement by the ratcher
teeth, and thus locked in tts lower, setting position.

As will be seen from FIG. 12A, due to the continued
downward movement of the rods and expander olate
upon setting of the slips. with the packer so set., shoulder
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37 about one of the tubular rods is lowered beneath the
shoulder 38 within the hole of the upper expander head
21A 1mn which it is recetved. Shoulder 39, on the other
hand, has moved into the enlarged hole in the lower
-expander head 21C in which the rod is received.

As shown in FIGS. 3B, 12B and 13B, the upper and
lower ends of the tubular rods intermediate the expan-
der plate and fitting 21E are connected to one another
prior to and during setting of the packer by collet fin-
gers 63 (FIG. 6) which are connected to the fitting 26E
and extend upwardly about the rods within the space
between the fitting and plate 26D. The upper ends of
the collet fingers fit within a counterbore 64 in the plate
26D and releasably connect to the outer diameter of the
rod which extends through holes in the plate by means
of teeth 65. The previously described shear pins 63A
(F1G. 6) releasably connects plate 26D to the upper
ends of the collet fingers.

When it 1s desired to release the packer, hydraulic
pressure in the cylinders 23 i1s exhausted, and an upward
pull 1s applied to mandrel ML to shear plate 32 (FIG.
1C), and thus permit both mandrels to be raised. A
shoulder 65 about the mandrel ML (FIGS. 1A and 2B)
will then move upwardly to engage the lower side of
plate 26D (see FIG. 13A), and upon continued upward
movement, shear pin 63A and lift the plate 26D and thus
raise counterbore 64 above the upper ends of collet
fingers 63. The collet fingers are then free to move
outwardly to their unstressed positions, as shown in
FI1G. 13, and thus disconnect the upper and lower ends
of the tubular rods.

This disconnection of the upper and lower ends of the
rods will permit their lower ends and thus the fitting
26E to move downwardly with respect to the mandrels,
as shown 1in FIG. 13B. Since the fitting 21E remains
locked to the fitting 26E, and as also shown in FIG.
13B, it also moves downwardly. As a result, the seal
rings 42 and 43 about the mandrels move out of the seal
- bores 1n fitting 21E, and seal rings about the lower ends
of the upper ends of the rods move out of seal bores
within the fitting 26E. Consequently, the mandrels may
be raised to lift the expander plate and the slip expander
parts out of expanding positions within the slips without
having to overcome the frictional resistance of these
sliding seals.

As will be understood from FIG. 12B, release of the
lower ends of the rods from the fitting 26E will permit
the fitting to be urged downwardly by the force of
‘hydrostatic pressure which is resisted only by atmo-
spheric pressure in the cylinders 25 beneath the pistons
27. This not only holds the lower ends of the rods
down, but also forces the fitting downwardly with suffi-
cient force to jar against the upper end of the fitting 21E
so as to assist it in moving downwardly in the event it is
otherwise stuck. Upon continued upward movement of
the mandrels, a shoulder 70 about the mandrel ML will
engage the spacer plate 26C, as shown in FIG. 13A, and
thus hft the plate and the tubular rods 26B, and conse-
quently the expander plate 26A, a further upward dis-
tance sufficient to permit the packing element to fully
retract to the position shown in FIG. 13A. '

As previously described, the primary purpose for the
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system which has a valve therein to provide fail-safe
control over the passage of the circulation of fluid be-
tween the annulus above and below the packer. This
other tubular rod is also useful in providing an alterna-
tive way of supplying hydraulic fluid to or exhausting
hydraulic fluid from the cylinders 25 above the pistons
27. Thus, as shown in FIGS. 16 and 17, this rod may be
provided with a port 71 therethrough connecting with

‘the right-hand cylinder above the piston 27 therein, so

that with a plug P disposed within the port 40 in the
other tubular rod, and a plug PP removably landed
within the right-hand tubular rod, as shown in FIG. 16,
hydraulic fluid may be supplied to or exhausted from
the right-hand cylinder, and thus the left-hand cylinder
25 as well as the auxiliary cylinder 50 through the right-
hand tubular rod.

- As also previously described, and as illustrated in
F1G. 15, 1n accordance with another alternative, hy-

- draulic fluid may instead be supplied or exhausted
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through bore of the tubular rod shown on the right-

hand side of FIG. 3B is to permit the circulation of fluid
between the annulus above and below the packer. For
this purpose, in a annulus safety system of the type
described, the upper end of this rod is connected with
another tubular member leading to a conduit in the

65

through the mandrel ML.. For this purpose, a port 72 in
the mandrel connects with the annular passageway
intermediate the seal rings 42 and 43. Thus with this
port open and with the ports 40 and 71 closed, as shown
in FIGS. 14 and 15, hydraulic fluid may be so supplied
or exhausted through the mandrel. Of course, when
hydraulic fluid is so alternatively supplied or exhausted
through one of the tubular rods, a plug PP fills the port

_72, as shown in FIG. 17.

From the foregoing it will be seen that this invention
1s one well adapted to attain all of the ends and objects

hereinabove set forth, together with other advantages

-which are obvious and which are inherent to the appa-

ratus.

It will be understood that certain features and sub-
combinations are of utility and may be employed with-
out reference to other features and subcombinations.
This is contemplated by and is within the scope of the
claims. |

As many possible embodiments may be made of the
invention without departing from the scope thereof, it is
to be understood that all matter herein set forth or
shown in the accompanying drawings is to be inter-
preted as 1llustrative and not in a limiting sense.

What 1s claimed is:

1. A multiple well string packer, comprising body
means disposable within a well bore, a packing element
supported by the body means, a slip assembly carried
about the body means, a pair of mandrels each adapted
to be connected in a well string and extending vertically
within the body means closely through side-by-side
holes within the packing element, means for supporting
said body means from one of the mandrels to permit the
body means to be lowered therewith into the well bore,
said body means including fluid-actuated means for
causing the slip assembly to be moved into gripping
engagement with the well bore and the packing element
to be moved Into sealing engagement with the well
bore, when said packer has been lowered with said
strings into a desired position within the well bore, and
the other mandrel being movable vertically with re-
spect to the body means to permit relative vertical
movement between said strings during lowering of said
packer into the well bore. -

2. A packer of the character defined in claim 1,
wherein each mandrel is rotatable with respect to the
body means and one another.

3. A packer of the character defined in claim 1,
wherein the other mandrel is also movable vertically
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with respect to said body means when said ship assembly

and packing element have been moved into engagement
with the well bore.

4. A multiple string packer, comprising body means
disposable within a well bore and including first and
second body sections which are vertically reciprocable
with respect to one another, a packing element sup-
ported by the first body section, a slip assembly carried
about the first body section, a pair of mandrels each
adapted to be connected in a well string and extending
vertically within the body sections and closely through
side-by-side holes within the packing element, cylinder
means formed in one of said body sections, the other
body section having means including piston means ver-
tically reciprocable within the cylinder means for ex-
panding said packing element into sealing engagement
with said well bore and said slip assembly into gripping
engagement therewith in response to the supply of fluid
pressure to said cylinder means, and
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means for supporting said body means from one of 20

the mandrels to permit the body means to be low-
ered therewith into the well bore, the other man-
drel being movable vertically with respect to the
body means to permit relative vertical movement
between said strings during lowering of said packer
into the well bore.

5. A packer of the character defined in claim 4,
wherein each mandrel is rotatable with respect to the
body means and one another.

6. As in 4, wherein the other mandrel is also movable
vertically with respect to said body means when said
slip assembly and packing element have been moved
into engagement with the well bore.

7. A multiple well string packer, comprising body.

means disposable within a well bore, a packing element
supported by the body means, a slip assembly carried
about the body means, a pair of mandrels each adapted

to be connected in a well string and extending vertically
within the body means and closely through side-by-side
holes within the packing element, a tube having an open

upper end adapted to be connected to a tubular member -

and extending closely through another hole in the pack-
ing element intermediate the holes through which the
mandrels extend, means for supporting said body means
from one of the mandrels to permit the body means to
be lowered therewith into the well bore, said body
means including fluid-actuated means for causing the
slip assembly to expand into gripping engagement with
the well bore and the packing element to be expanded
into sealing engagement with the well bore, when the
packer has been lowered into a desired position within
the well bore, and said tube also being open at its lower
end to permit circulation between the annulus below
the packer and the tubular member to which the one
tube 1s connected when said slip assembly and packing
element have been moved into engagement with the
well bore.

8. A packer of the character defined in claim 7, in-
cluding another tube having an upper end adapted to be
connected to another tubular member and extending
closely through a further hole in the packing element
intermediate the holes through which the mandrels
extend and generally diametrically opposite the addi-
tional hole through which the firstmentioned tubular
member extends, the lower end of said other tube con-
necting with the fluid-actuated means to permit the
supply of fluid thereto through the other tubular mem-
ber to which the other tube is connected.
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9. A packer of the character defined in ciaim 8.
wherein the body means inciudes first and second body
sections adapted to be moved vertically with respect to
one another, the packing eiement 1s supported on the

first section and the slip assembly means is carried there-

about, the second body section includes an expander
plate on the side of the packing element opposite that
supported by the first body section, the first body sec-
tion has a pair of cylinders formed therein, each tube
has a piston reciprocable within a cylinder ana con-
nected to the expander plate, and means 1s provided for
supplying fluid pressure to each said cylinder in order to
move said expander plate relatively to the first body
section in order to expand the packing element and siip
assembly into engagement with the well bore.

10. A well multiple string packer, comprising body
means disposable within a well bore and including first
and second body sections which are vertically recipro-
cable with respect to one another, a packing element
supported by the first body section, a slip assembly
including slips for resisting upward and downward
movement when in gripping engagement with the pipe
and carried about expander surfaces on the first body
section beneath the packing element, a pair of mandrels
each adapted to be connected in a well string and ¢x-
tending vertically within the body sections and ciosely
through side-by-side holes within the packing element.
means for supporting said body means from one ot the
mandrels to permit the body means to be lowered there-
with into the well bore, said second body section in-
cluding an expander plate above the packing element.
and

a pair of rods depending from the plate and extending

closely through holes in the packing element inter-
mediate the mandrels, said first section having a

pair of cylinders formed therein and each rod hav-
ing a piston vertically reciprocable within a cyliin-

der, in response to the supply of fluid pressure (o
said cylinders, in order to iower the expander piate
to expand the packing element into engagement
with the well bore and cause the slips to move over
said expander surfaces into gripping engagement
with the well bore, and means on the first and
second body sections for locking said expander
plate in its lower position automatically in response
to lowering of said piston means.

11. A packer of the character defined in ciaim 10,
wherein said second body section includes a part con-
nected to both rods and coaxially arranged with respect
to the first body section, and said locking means in-
cludes a locking ring disposed between said part and the
first body section.

12. A packer of the character defined in ciaim 10.
including means connecting the upper and lower ends
of each rod intermediate the expander plate and pistons.
and means for releasing the connection upon exhaustion
of the fluid in the cylinder means and lifting or :the

mandrels to retrieve the packer from the weil bore.

60

63

13. A packer of the character defined in ciaim 10.
wherein one of the rods is a tube which is open at both
ends to permit circulation between the annulus pbeiow
the packer and a tubular member to which the upper
end of the one tube is connected.

14. A packer of the character defined in claim 13.
wherein the other mandrel is movable verticailv with
respect to the body means to permit relative vertical
movement between said strings during lowering ot said
packer into the well bore.
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15. A packer of the character defined in claim 13,
wherein the other rod is a tube whose lower end con-
nects with the cylinder in which its piston is disposed to
permit the supply of fluid thereto through a tubular

member to which the upper open end of the tube is
connected.

16. A packer of the character defined in claim 10,
wherein one of the rods is a tube whose lower end
connects with the cylinder in which its piston is dis-
posed to permit the supply of fluid thereto through a
tubular member to which the upper open end of the
tube 1s connected. -

17. A multiple well string packer, comprising body
means disposable within a well bore and including first
and second body sections which are vertically recipro-
cable with respect to one another, a packing element
supported by the first body section, a slip assembly
including first and second sets of slips for upward and
downward movement when in gripping engagement
with the pipe and carried about first and second expan-
der parts of the first body section, respectively, which
are beneath the packing element vertically reciprocable
with respect to one another, a pair of mandrels each
adapted to be connected in a well string and extending
vertically within the well bore and closely through
side-by-side holes within the packing element, said sec-
ond body section including an expander plate above the
packing element and a pair of rods extending closely
through holes in the packing element intermediate the
mandrels, the second part of the first section having a
pair of cylinders formed therein and each rod having a
piston thereon vertically reciprocable within a cylinder,
1n response to the supply of fluid pressure to said cylin-
der, in order to lower the expander plate with the rods
to expand the packing element into engagement with
~ the well bore and cause the slips to move over said

expander surfaces into gripping engagement with the

well bore, means connecting the second body section to
one of the mandrels for lowering therewith, means
supporting the first part of the first body section from
the second body section in order to maintain the slips
and packing element in retracted position until the sec-
ond body section is released from the one mandrel,
means for releasing said connecting means in response
to the supply of fluid to said cylinders, means prevent-
ing upward movement of the second part of the second
body section upon -release of said connecting means,
means for supporting the second part of the second
body section from the one mandrel upon release of said
connecting means, and means on the second body sec-
tion and second part of the first body section for releas-
ably locking the expander plate in its lower position
automatically in response to lowering of said piston
means.

18. A packer of the character defined in claim 17,
wherein the means for supporting the second part of the
second body from the one mandrel is releasable to per-
mit said one mandrel to be lifted, and said one mandrel
has means thereon for lifting the second body section
with 1t in order to lift the expander plate to permit the
packing element and slip assembly to retract.

- 19. A multiple string packer, comprising body means
disposable within a well bore and including first and
second body sections which are vertically reciprocable
“with respect to one another, a packing element sup-
ported by the first body section, a slip assembly carried
about the first body section, a pair of mandrels each
adapted to be connected in a well string and extending
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vertically within the body section and closely through
side-by-side holes within the packing element, said sec-
ond body section including an expander plate on the
side of the slip assembly and packing elements opposite
the first body section and a pair of rods extending
closely through holes in the packing element intermedi-
ate the mandrels, said first body section having a pair of
cyhinders formed therein and each rod having a piston
vertically reciprocable within a cylinder, the cylinders
on one side of the pistons containing gas at less than
well bore pressure, means for supplying fluid pressure
to said cylinders on the other sides of the pistons in
order to expand the packing element into engagement
with the well bore and cause the slips to expand into
gripping engagement with the well bore, said fluid pres-
sure supplying means including means sealing between
the mandrels and first body section, means on the first
and second body sections for locking said expander
plate in locking position automatically in response to
lowering of said pistons, and
said second body section including a common part
carried by the rods, means connecting the rods
intermediate the expander plate and common part,
and means for releasing said connecting means as
the fluid pressure is exhausted and the mandrels are
lifted to permit the packing element to retract and
to withdraw the slip assembly whereby said sealing
means betwewen the mandrels and first body sec-
tions are seaprated and the common part is urged
toward said first body section due to fluid pressure
in the cylinders on the one side of the pistons.
20. A multiple well string packer, comprising body
means disposable within a well bore and including first
and second body sections which are vertically recipro-
cable with respect to one another, a packing element
supported by the first body section, a slip assembly
carried about the first body section, a pair of mandrels
each adapted to be connected in a well string and ex-
tending vertically within the body sections and closely
through side-by-side holes within the packing element,
said second body section including an expander plate on
the side of the packing element and slip assembly oppo-
site the first body section and a pair of rods extending
from the plate closely through a hole in the packing
element intermediate the mandrels,
said first section having a pair of cylinders formed
therein and each rod having a piston vertically
reciprocable within a cylinder in response to the
supply of fluid pressure to said cylinders, means
connecting the second body section to one of the
mandrels to hold the expander plate in non-expand-
ing position, means for releasing said connecting
means in response to the supply of fluid to said
cylinders,
means for holding the first body section against verti-
cal movement with respect to the second body
section, so that, upon release of said connecting
means, the expander plate moved with the rods

- relatively to the first body section to expand the
packing element into engagement with the well
bore and cause the slips to move over said expan-
der surfaces into gripping engagement with the
well bore.

21. A well packer, comprising body means disposable
within a well bore and including first and second body
sections which are vertically reciprocable with respect
to one another, a packing element supported by the first
body section, a slip assembly carried about the first



4,505,332

19

body section, a mandrel adapted to be connected in a
well string and extending vertically within the body
sections and closely through a hole within the packing
element, said body sections having means for expanding
the packing element into sealing engagement with the
well bore and the seal assembly into gripping engage-
ment therewith upon relative vertical movement be-
tween said sections, fluid-actuated means including a
cylinder formed in one section and a piston on the other
section reciprocable within the cylinder for so moving
the body sections, means for releasably holding the
body sections in non-expanding positions, including
latch means movable between a position connecting the
other section to one of the mandrels for vertical move-
ment therewith and another position releasing said sec-

10

15

tion for relative vertical movement with respect to said

one mandrel, and means for moving the latch means
from connecting to releasing position, comprising addi-
tonal fluid-actuated means including a cylinder formed
in said one section and a piston reciprocable in said
additional cylinder, and means initially holding said
additional piston in a position spaced from the latch
means but shearable upon the supply of fluid to said
additional cylinder to enable said additional piston to
engage and move said latch means to releasing position.

22. A packer of the character defined in claim 21,
wherein the latch means comprises a split ring dispos-
able within opposed grooves in the other body section
and mandrel, and a part movable by said additional
piston between a position retaining the ring within said
grooves and another position releasing it for movement
out of one groove.

23. A multiple well string packer, comprising body
means including first and second relatively movable
body sections disposable within a well bore, a packing
element supported by the first body section, a slip as-
sembly carried about the first body section, a pair of
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mandrels each adapted to be connected 1n a well string
and extending vertically within the body means and
closely through side-by-side holes within the packing
element, a pair of tubes having open upper ends adapted
to be connected to tubular members and extending
closely through additional side-by-side holes in the
packing element intermediate the holes through which
the mandrels extend, said first body section having cyi-
inders formed therein, said second body section having
an expander plate on the side of the packing eiement
and slip assembly opposite the pistons reciprocable in
the cylinders and connected to the plates by said tubes.
one of said tubes being open at its lower end to permit
circulation between the annulus below the packer
and the tubular member to which the one tube 1s
connected, and the other tube having a iower end
connecting with the cylinders to permit the supply
of fluid thereto through the other tubular member
to which the other tube is connected, whereby the
expander plate and first body section are caused to
move relatively to one another in order to expand
the packing element and slip assembly into engage-
ment with the well bore.

24. A packer of the character defined in claim 23.
wherein means are also provided for selectively supply-
ing fluid to said cylinders through one of the mandrels
and the well string to which it 1s connected.

25. A packer of the character defined in claim 24,
wherein means are also provided for selectively supply-
ing fluid to said cylinders through said one tube and the
tubular member to which it 1s connected.

26. A piston of the character defined in claim 23.
wherein means are also provided for selectively suppiv-
ing fluid to said cylinders through said one tube and the

tubular member to which it is connected.
*® K X K X
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